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9 157 image the DAPI-immersed larvae or larvae expressing Serp-CBD-GFP and 158 p120-tagRFP for the protein clearance test, the samples were mounted in 159 glycerol, fixed by heating, and observed with a Fluoview FV1000 confocal 160 microscope (Olympus).
162 Physiological tests
163 To examine the effects of low osmotic pressure, dechorionated embryos were 164 placed in water overnight. We picked 10 larvae for each genotype and 165 calculated the survival rate and relative body lengths of the surviving larvae 166 normalized to the median obtained for Oregon R. Since high osmotic pressure 167 caused rapid changes, 10 hatched larvae were collected in 5 μl PBS, and 20 μl 168 10X PBS was added. Thirty minutes later, images were captured and survival 169 rates were calculated. 170 10 172 Because the probe used previously [12] (1082-bases long) showed relatively 173 high background signals in our experiments, we designed a new probe that was 174 356-bases long. This new probe detected the tyn mRNA expression in a pattern 175 similar to that reported previously, but the lower background enabled us to 176 detect signals in the tracheal system more clearly. The digoxygenin-labeled 177 RNA probe was synthesized with T7 RNA polymerase and a template amplified 178 with the primers 5'-GGCGGCCTTTAGTTTTGTGG-3' and 5'-179 TAATACGACTCACTATAGGGGTCCAGAGCTGCGTCTATCC-3' (with T7 180 promotor) followed by gel filtration. Whole-mount in situ hybridization was 181 performed as described previously [28] . Embryos were mounted in 80% 182 glycerol, observed using a BX53 upright microscope with DIC optics, and 183 photographed with a DP74 digital camera (Olympus). 
250
The tyn mutant first-instar larvae hatched with a normal appearance, but 251 their growth was retarded ( Fig.1B) . On day 3, the mutant larvae lacked anterior 252 spiracles and their head skeletons were underdeveloped, suggesting molting 253 failure (Fig. 1C ). All of the mutants died before pupation ( Fig.1D ).
254
Both control and tyn mutant L1 larvae placed on agar plates approached 255 distantly placed yeast food ( Supplementary Fig. 1 ) and ingested it, as shown by 256 gut labeling by food containing blue dye (data not shown). However, the tyn 257 mutants tended to stay at the periphery of the food, while control larvae entered 258 it (Fig. 1E , F and Supplementary Fig. 1 ). These defects in growth and feeding 259 behavior, and additional defects in posterior spiracle valve formation 260 ( Supplementary Fig. 2 ) were similar to phenotypes reported for tyn PG38 [19] .
261
262 tyn is essential for the epidermal barrier function 263 We found that the tyn 1 mutants were sensitive to low osmolality. When first-264 instar larvae were kept in water overnight, many of the mutant larvae showed 16 265 dramatic swelling of the body, whereas control larvae did not ( Fig. 2A) . Although 266 the viability of the mutants was slightly lower in this condition (Fig. 2B) , the body 267 length of the surviving tyn 1 mutant larvae was 1.3-times longer than that of 268 controls (Fig. 2C ). On the other hand, incubation under high osmolarity (1 M 269 NaCl) for 30 min. caused prominent shrinkage of the mutant larval body, and a 270 significantly higher death rate than in the three control groups ( Fig. 2D and E, 271 p<0.05). These observations indicated that the tyn 1 mutant larvae were 272 sensitive to changes in the external salt concentration, suggesting that their 273 epidermis allowed the passage of salt ions and water. 
289
We next tested the permeability of the epidermis to larger molecules.
290 Incubating L1 larvae in Eosin Y (molecular weight 647.89) at 40℃ for 60 min.
291 resulted in intense staining of the internal organs of tyn 1 and tyn 2 mutants but 292 not of control larvae (Fig. 3A, tyn 
